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INTRODUCTION 

The convers ion  o f  coa ls  i n t o  o i l s ,  s o l u t i o n s ,  o r  d i spe rs ions  i s  of g r e a t  
i n t e r e s t  i n  t h e  p roduc t i on  o f  new l i q u i d  f u e l s .  Th is  paper descr ibes  our  
i n v e s t i g a t i o n s  o f  t h e  convers ion  o f  low-rank coa ls  i n t o  a s t a b l e  d ispersed f o n  
which e x h i b i t s  a l t e r e d  r e a c t i v i t i e s  toward  var ious  a l k y l a t i n g ,  reduc ing ,  and 
o x i d i z i n g  reagents.  T h i s  s t a b l e  d i s p e r s i o n  o f  a s o l i d  i n  a l i q u i d  medium i s  
p r o p e r l y  c a l l e d  a l a t e x .  

E x t r a c t i o n  o f  coa l  w i t h  aqueous base such as sodium hydrox ide  fo l l owed  by 
p r e c i p i t a t i o n  by t h e  a d d i t i o n  o f  a c i d  t o  t h e  e x t r a c t  y i e l d s  da rk  m a t e r i a l  known as  
humic ac id .  Humic acid: a re  de f ined by van Kreve len  ,!l) as p l a n t - d e r i v e d  
"components which can b e  d i sso l ved  i n  a l k a l i n e  hydrox ide ,  wh i l e  o thers  rega rd  
humic ac ids  as be ing  t h e  water-  o r  base -ex t rac tab le  m a t e r i a l  f o n e d  from o x i d a t i o n  
o f  coa l  ( 2 ) .  The t e n n  i s  used bo th  f o r  t h e  produc ts  o f  t h e  decay and g e l i f i c a t i o n  
o f  woody m a t e r i a l  and t h e  p roduc ts  f rom coa l .  Since t h e  compos i t ions  o f  n e i t h e r  the  
o x i d i z e d  o r  unox id ized m a t e r i a l  a re  we l l  de f ined,  we s h a l l  use t h e  te rm i n  a general  
sense t o  mean t h e  m a t e r i a l  recovered from a c i d i f i c a t i o n  o f  base e x t r a c t s ,  a l though 
t h e  m a t e r i a l s  i n  t h i s  r e p o r t  were ob ta ined  by base t rea tments  o f  unox id ized coa ls  
c a r r i e d  ou t  i n  t h e  absence o f  o x i d i z i n g  reagents  and oxygen. The low-rank coa ls  a re  
h y d r o p h i l i c  i n  n a t u r e  owing t o  t h e i r  h i g h  concen t ra t i ons  o f  c a r b o x y l i c  a c i d  and 
hydroxy l  groups, consequent ly  they  y i e l d  s i g n i f i c a n t l y  g r e a t e r  amounts o f  humic 
ac ids  than do t h e  b i tuminous  coals.  The y i e l d s  .of humic ac ids  frm l i g n i t e s  a r e  
known t o  vary  w i t h  tempera ture  and base c o n c e n t r a t i o n  and o f  course  w i t h  t h e  degree 
o f  o x i d a t i o n  be fo re  o r  du r ing  t h e  e x t r a c t i o n .  Unox id ized Nor th  Dakota l i g n i t e s  
g e n e r a l l y  g i v e  about 4% y i e l d s  o f  humic ac ids  i n  e x t r a c t i o n s  w i t h  5% sodium 
hydrox ide  a t  ambient tempera tures  i n  12 hours. I n  c o n t r a s t ,  l e o n a r d i t e s  a re  h i g h l y  
o x i d i z e d  l i g n i t e s  and e a s i l y  conve r t  t o  humic ac ids  i n  80% t o  90% y i e l d s  ( 3 ) .  

The o b j e c t i v e  o f  t h i s  s tudy  was t o  s tudy  t h e  convers ion  o f  low- rank  coa ls  t o  
humic ac ids  under c o n d i t i o n s  o f  h igh  mass f l o w  (under  n i t r o g e n )  and t o  i n v e s t i g a t e  
t h e  na tu re  o f  t h e  humate m a t e r i a l  w i t h  rega rd  t o  s o l u b i l i t y  and r e a c t i v i t y .  The 
e f f e c t s  of  coa l  type ,  n a t u r e  o f  t he  base, and added s u r f a c t a n t  on t h e  convers ion  
were s tud ied .  

EXPERIMENTAL 

Coal samples (10 g )  were blended w i t h  5% sodium hydrox ide  o r  o the r  bas ic  
s o l u t i o n  (250 m l )  i n  a 1.25 1 k i t c h e n - s t y l e  O s t e r i z e r  p laced i n  a l a r g e  g love  bag 
under n i t r o g e n  atmosphere. Low convers ions  were ob ta ined a t  t h e  medium speed 
b lend ing  f o r  12 hours, and h i g h  convers ions  were ob ta ined  a t  t he  h i g h  speed f o r  2 
hours.  The tempera ture  o f  t he  medium r o s e  t o  about 45OC d u r i n g  t h e  e x t r a c t i o n  as a 
r e s u l t  o f  b lade  f r i c t i o n .  The blended s l u r r y  was washed i n t o  250 m l  c e n t r i f u g e  
b o t t l e s  and c e n t r i f u g e d  a t  3000 rpm i n  an I E C  Model K c e n t r i f u g e .  The supernatan t  
l a t e x  was then  c a r e f u l l y  decanted from t h e  res idue.  A n a l y t i c a l  data f o r  t h e  coa ls  
a r e  presented i n  Tab le  1. 
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TABLE 1 
ANALYTICAL DATA FOR LOW-RANK COALS 

An a1 y s i  s 

Mo is tu re  
V o l a t i l e  Ma t te r  
F i xed  Carbon 
Ash 
Carbon, maf 
Hydrogen, maf 
N i t rogen,  maf 
S u l f u r ,  maf 
Oxygen ( d i f ) ,  maf 

Beulah L i g n i t e  

28.8 
29.0 
30.8 
11.7 
69.5 
4.4 
1.0 
2.8 

22.3 

Wyodak Sub 

30.4 
30.5 
33.2 

73.5 
5.2 
1.1 
0.7 

19.5 

5 .a 

B i g  Brown L i g n i t e  

27.8 

30.0 
9.5 

69.9 
5.2 
1.2 
1.2 

22.4 

32.8 

RESULTS AND DISCUSSION 

Treatment o f  low-rank coa ls  w i t h  aqueous bas i c  s o l u t i o n s  i n  t h e  b lender  under 
n i t r o g e n  atmosphere and v e r y  m i l d  tempera tures  (45OC) gave h i g h  convers ions  t o  
p roduc ts  which were s t a b l e  t o  c e n t r i f u g a t i o n .  The res idue  o f  l a r g e r  p a r t i c l e s  which 
d i d  separa te  d u r i n g  c e n t r i f u g a t i o n  was examined by pho toacous t i c  FTIR spec t roscopy  
and mic roscop ic  pe t rog raph ic  techn iques  and was found t o  c o n s i s t  ma in l y  o f  m ine ra l s  
and l i p t i n i t e  macerals. The b lack  suspension ob ta ined  a f t e r  c e n t r i f u g i n g  and 
decant ing  from the  res idue  resembled t h e  b l a c k  humate " s o l u t i o n "  ob ta ined i n  4% 
y i e l d  by t h e  s imp le  sodium hydrox ide  e x t r a c t i o n  o f  l i g n i t e s .  The l a t e x  was examined 
i n  a s t a t i c  c e l l  o f  a low-ang le  l a s e r  l i g h t  s c a t t e r i n g  photometer. An i n t e n s e  
f l a s h i n g  o r  s p a r k l i n g  c h a r a c t e r i s t i c  o f  f i n e  p a r t i c l e  o r  c o l l o i d a l  suspensions 
(Tynda l l  e f f e c t )  was observed. Th is  c o n t r a s t s  w i t h  t h e  g lowing  spot  o f  Ra le igh  
sca t te red  l i g h t  observed f o r  methyl and a c e t y l a t e d  d e r i v a t i v e s  o f  t he  humic ac ids  
which a re  h i g h l y  s o l u b l e  i n  o rgan ic  s o l v e n t s  such as to luene ,  t e t r a h y d r o f u r a n ,  and 
d imethy l  formamide (3). 

A d d i t i o n  o f  a c i d  t o  t h e  l a t e x  r e s u l t e d  i n  p r e c i p i t a t i o n  o f  t h e  humic ac id .  
Conversions were determined f rom weight y i e l d s  o f  t h e  p r e c i p i t a t e d  humic acids a f t e r  
d r y i n g  and a re  repo r ted  i n  Tab le  2 .  A d d i t i o n  o f  t h e  a c i d  was presumed t o  n e u t r a l i z e  
t h e  nega t i ve  charges o f  t h e  ca rboxy la te  and pheno la te  an ions  o f  t h e  c o l l o i d a l  c o a l  
p a r t i c l e s  by conver t i ng  them t o  t h e  a c i d  and phenol  forms. Coagu la t i on  o f  t h e  
p a r t i c l e s  occu r red  when t h e  pH was lowered t o  about 4, where r e p u l s i v e  fo rces  o f  t h e  
remaining ca rboxy la te  a n i o n i c  groups no l o n g e r  overcome t h e  a t t r a c t i v e  fo rces  
between t h e  coal  macromolecules. 

The h ighes t  convers ions  t o  the  l a t e x  were observed f o r  t he  Beu lah  ( N o r t h  Dakota) 
l i g n i t e  where a 90% y i e l d  o f  humic ac ids  was ob ta ined  by b l e n d i n g  a t  h i g h  speed w i t h  
5% sodium hydrox ide .  Th is  c o n t r a s t s  w i t h  t h e  28% y i e l d  ob ta ined a t  medium speed 
b lend ing  o f  t he  same coa l .  It i s  be l i eved  t h a t  t h e  high-speed s t i r r i n g  i s  r e q u i r e d  
t o  i nc rease  t h e  mass f l o w  o f  aqueous base th rough t h e  coa l  pore s t r u c t u r e .  

The e f f e c t  o f  t h e  n a t u r e  o f  t h e  base used i n  t h e  b lender  t rea tment  was i n v e s t i -  
When a 5% sodium carbonate  s o l u t i o n  was used, a 27% convers ion  o f  t h e  Beu lah  

The lower  y i e l d  f o r  t h i s  base suggests t h a t  h i g h  concent ra -  
gated. 
l i g n i t e  was obtained. 
t i o n s  o f  hydroxide, as  w e l l  as t h e  h igh  mass f l ow ,  may be  e s s e n t i a l  f o r  e f f e c t i v e  
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TABLE 2 .__ - 
CONVERSIONS OF LOW-RANK COALS TO LAXTEXES 

Coal 

Beul ah 
Beulah 
Beul ah 
Beulah 
Beulah 
Beulah 
Beul ah 
Wyodak 
B i g  Brown 

B lender  Speed 

h i g h  
med 
mag. s t i r . 
h i g h  
h i g h  
h i g h  
h i g h  
h i g h  
h i g h  

Y ie ld  o f  Humic A c i d  - Base (ut.% mf )  

NaOH 90 

NaOH 4 
Na CO 27  

NaOH za 

~ ~ 2 4 0 ~ 3  11 
py r  1 d ine  7 
NaOCH3 3 
NaOH 6 5  
NaOH 81 

p roduc t i on  o f  t h e  l a t e x .  The use of sodium carbonate  o f f e r s  t h e  p o s s i b i l i t y  o f  
e a s i e r  recovery  o f  humic ac ids  f rom t h e  l a t e x  us ing  carbon d i o x i d e  t o  l o w e r  t h e  pH 
and then  regenera t i on  o f  t h e  sodium carbonate  s o l u t i o n  by hea t ing  the  recovered 
aqueous phase. The lower  convers ion  t o  t h e  l a t e x  fo rm us ing  sodium carbonate  may be  
compensated by i t s  ease o f  regenera t i on  and thus  may be use fu l  i n  coa l  c lean ing  o r  
1 i q u e f a c t i o n  process ing  o f  low- rank  coals.  Ammonium hyd rox ide  (30%) gave a conver-  
s i o n  o f  11%. Thus a mechanism i n v o l v i n g  n u c l e o p h i l i c  a t t a c k  by t h e  base does no t  
seem t o  be impor tan t .  

Yhen t h e  r e a c t i o n  o f  d r i e d  l i g n i t e  w i t h  sodium methoxide i n  methanol was c a r r i e d  
ou t  w i t h  high-speed b lend ing ,  t h e  convers ion  was i n s i g n i f i c a n t .  E s s e n t i a l l y  o n l y  
t h e  waxy ac ids  and some hydrocarbons were s o l u b i l i z e d .  Photoacoust ic  spectroscopy 
o f  t h e  coal  res idue  showed no i n c o r p o r a t i o n  o f  t h e  methanol a s  methyl es te rs  o r  
e the rs .  A n u c l e o p h i l i c  r o l e  of t h e  base i n  t h e  b lend ing  process aga in  does not seem 
l i k e l y .  Since t r a n s e s t e r i f i c a t i o n  was n o t  e x h i b i t e d  i n  t h i s  a t tempted r e a c t i o n  w i t h  
methoxide i n  methanol, it i s  u n l i k e l y  t h a t  hyd rox ide  would a c t  by an equ iva len t  
e s t e r  h y d r o l y s i s  mechanism i n  t h e  aqueous hyd rox ide  medium. No evidence e x i s t s  f o r  
t h e  presence of a s i g n i f i c a n t  amount o f  e s t e r s  i n  low-rank coa ls .  A poss ib le  
mechanism f o r  t h e  aqueous hydrox ide  r e a c t i o n  i s  t h e  base-ca ta lyzed gua iaco l  e t h e r  
c leavage demonstrated f o r  l i g n i n .  The low-rank coa ls  have smal l  amounts o f  
gua iaco ls  and presumably some r e s i d u a l  l i g n i n .  Cleavage o f  t h e  a lpha (benzy l )  
e t h e r s  of t hese  r e s i d u a l  and, t he re fo re ,  h indered s t r u c t u r e s  may r e q u i r e  t h e  h igh  
hydrox ide  concen t ra t i ons  and h i g h  mass f l o w  c o n d i t i o n s  which we know t o  be impor tan t  
f o r  breakdown t o  t h e  c o l l o i d a l  s ta te .  Breakage o f  hydrogen bonds may a l s o  be 
impor tan t .  The c r e a t i o n  o f  a h i g h l y  charged s u r f a c e  essen t ia l  t o  the  c o l l o i d a l  
fo rmat ion  was c l e a r l y  no t  poss ib le  i n  t h e  b lend ing  a t tempt  i n  methanol bu t  was 
ob ta inab le  i n  water. 

Two o the r  coa ls  were i n v e s t i g a t e d  f o r  comparison w i t h  t h e  Beulah ( N o r t h  Dakota) 
l i g n i t e .  Wyodak subb i tuminous  coa l  gave a convers ion  o f  65% w i t h  high-speed 
b l e n d i n g  i n  5% sodium hydrox ide .  A B ig  Brown (Texas)  l i g n i t e  sample i n  the  same 
c o n d i t i o n s  gave a convers ion  o f  81%. The reason f o r  t h e  l ower  convers ions  o f  these 
two coa ls  i s  no t  y e t  understood, b u t  t hese  two coa ls  a re  known t o  be more a l i p h a t i c  
and con ta in  l e s s  l i g n i n  than  t h e  Beulah l i g n i t e ,  which gave a 90% convers ion .  

P y r i d i n e  ( n e a t )  gave o n l y  a 7% convers ion .  
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The la texes  frcm t h e  Beulah l i g n i t e  were shown t o  be q u i t e  r e a c t i v e  t o  
a l k y l a t i n g  reagents. Dimethyl  s u l f a t e  was added t o  t h e  aqueous bas i c  l a t e x e s  t o  
g i v e  t h e  methyl humate d e r i v a t i v e s .  These p roduc ts  were s o l u b l e  i n  o rgan ic  
so lvents ,  bu t  i n s o l u b l e  i n  water. The mo lecu la r  weights o f  these s o l u b l e  d e r i v a -  
t i v e s  were determined us ing  low-angle l a s e r  l i g h t  s c a t t e r i n g  photometry a f t e r  
r e d u c t i o n  w i th  z inc meta l  (4). These r e s u l t s  i n d i c a t e  t h a t  t h e  m r e  severe b l e n d i n g  
Processing breaks more o f  t he  c r o s s - l i n k s  o r  b ranch-po in ts  i n  t h e  coal  s t r u c t u r e  t o  

i v e  t h e  h i g h e r  y i e l d s  o f  humic ac ids  bu t  i n  a sma l le r  s i z e  d i s t r i b u t i o n  (Tab le  3) 
?5) . The r e a c t i v i t i e s  o f  t h e  l a texes  i n  o x i d i z i n g  and reduc ing  c o n d i t i o n s  are  
c u r r e n t l y  under i n v e s t i g a t i o n .  

TABLE 3 
MOLECULAR WEIGHTS OF REDUCED METHYL HUMATE D E R I V A T I V E S  

Source o f  Humate D e r i v a t i v e  rl, ( d a l t o n s )  

High speed b l e n d i n g  (90% y i e l d )  
Medium speed b lend ing  (28% y i e l d )  
Mag. s t i r r i n g  (4% y i e l d )  

4.3 105 
8.8 x 105 
1.3 x lo6 
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